Thirty-two young Gudali zebus and Namchi taurine bulls were infected to assess the effect of trypanosomosis on body weight (BW), packed cells volume (PCV) and some reproductive characteristics such as scrotal circumference (SC) and Testosterone (T), Luteinizing Hormone (LH) and Follicle Stimulating Hormone (FSH) blood levels. Gudali zebus are known to be trypanosusceptible, while Namchi taurine are trypanotolerant. Trypanosomes were detected in the blood stream 14 days post infection. Parasitaemia reached the maximum on day 28 post infection. Trypanosoma infection led to significant decrease in weight gain (WG), PCV and SC. These parameters were significantly lower in infected Gudali, compared to Namchi. There was a negative correlation (r = -0.66) between parasitaemia and PCV levels. Clinical signs such as fever, weakness, rough coat and weight loss were exhibited by day 28 post infection in Gudali bulls. There were significant differences between infected Gudali and Namchi for FSH and T levels. Significant negative correlations were registered between T levels and BW (r = -0.41) and scrotal circumference (r = -0.49).
INTRODUCTION
African animal trypanosomosis is endemic in Sub Saharan Africa and a major constraint to livestock production (Abebe, 2005) . Cattle, sheep, goats, pigs, horses can suffer the acute form, while dogs, cats and monkeys exhibit subclinical or chronic forms. Wild ruminants, Equidae, lions, leopards and wild pigs are known to be reservoirs of trypanosomes. The disease causes economic losses through direct mortalities, drug purchase and loss of draught power (Tesfaye et al., 2012) . Annually, African breeders administer 35 million curative and preventive treatment doses (Mbahin et al., 2006) . The trypanocidal drug market in West and Central Africa has been estimated at about 27 million € which is equivalent to more than 17 billion CFA francs (Borne and Chevtzoff, 2013) . The prevalence of the disease is about 14% in the northern region of Cameroon and varies with production systems (Achukwi and Musongong, 2009 ). The disease is caused by Trypanosoma congolense, T. vivax or T. brucei brucei, which are mostly transmitted by tsetse fly. Simultaneous infections with one or more of these trypanosomes have been reported. The main clinical signs are anemia with a marked decrease in packed cells volume, hemoglobin, red and white blood cells (AlQarawi et al., 2004) , and weight loss (Dargantes et al., 2005; Batista et al., 2009 ). Other signs include intermittent fever, edema, growth deficiency and even death. Infertility and testicular degeneration have been reported in camel trypanosomosis (Al-Qarawi et al., 2004) .
Scrotal circumference and serum testosterone levels are indicators of the characteristics of sperm production. Indeed, recent studies in bulls (Latif et al., 2009 ) and bucks (Ugwu, 2009 ) reported that scrotal circumference had a significant positive correlation with semen volume and sperm concentration. Bulls with larger scrotal circumference had higher sperm concentration and total spermatozoa. Semen volume and scrotal circumference are also correlated to body weight in rams (Boucif et al., 2007) suggesting that small scrotal circumference could have adverse effect on testicular functions. However, the effects of the disease on some reproductive characteristics in Cameroonian cattle breeds, such as scrotal circumference and reproductive hormones rate are unknown.
The study was therefore carried out to assess the effect of experimental trypanosomosis on body weight, packed cells volume, scrotal circumference and blood levels of testosterone, Luteinizing Hormone (LH) and Follicle Stimulating Hormone (FSH) in the Gudali zebu and Namchi taurine bulls.
MATERIALS AND METHODS

Study area
The study was carried out during the period of May to June 2012 in the Institute for Agricultural Research and Development at Wakwa, Ngaoundéré in the Adamawa region (6-8 ° LN; 10-12 ° LE) of Cameroon. The locality is known to be tsetse free.
Experimental animals
Thirty-two young bulls, aged between 3 and 5 years were selected and randomly assigned to 2 groups: control group of noninfected animals (7 Gudali and 9 Namchi) and a treatment group (7 Gudali and 9 Namchi) experimentally infected with Trypanosoma Brucei and T. Congolense strains. Prior to the experimental infection, the animals were vaccinated against prevailing diseases such as contagious bovine pleuripneumonia, pasteurollosis, lumpy skin disease and black quarter. One week before the start of the experiment, the animals were orally treated with the anthelminthic drug, albendazole at 7.5 mg/kg. During experimental period, they were treated with the acaricide Cypermethrin twice a week and fed on natural pasture. Water was available ad libitum. During the study, infected animals whose PCV dropped below 20% were treated with diminazene aceturate at 3 mg/kg by deep intramuscular injection. All the animals were treated with diminazene aceturate at 3 mg/kg at the end of the study.
Experimental infection
Trymanosoma brucei (T. brucei) and Trypanosoma congolense (T.congolense) strains were obtained from the Department of Veterinary Parasitology and Entomology of the University of Nsukka, Nigeria and transported in mice to IRAD Wakwa, Cameroon. Blood from infected mice was inoculated to two reservoir cows and parasitaemia was monitored until the level reached 10 6 /ml as described by Achukwi et al. (1997) . Whole blood samples were collected from both reservoir cows. Both samples (1 ml) were mixed in a beaker containing ethylenediamine tetra-acetic acid (EDTA) in 2 ml of phosphate buffered saline (PBS) (Achukwi et al., 1997) . One ml of the solution was inoculated subcutaneously to each experimental animal, equivalent to the infective dose of 10 6 trypanosomes.
Samples collection and testing
The infected animals were monitored twice monthly for body weight and scrotal circumference; and weekly for parasitaemia and PCV. Scrotal circumference was measured as described by Chenoweth et al. (1992) with a flexible tape, while 5 ml of blood was collected by jugular vein puncture in vaccutainer tubes coated with EDTA. Capillary tubes were used to determine PCV values as described by Schalm et al. (1995) and parasitaemia was detected in the same capillary tube using the buffy-coat technique (Murray et al., 1977) , and quantified according to the scoring method of Herbert and Lumsden (1976) .
Blood serum was obtained after centrifugation at 1 500 rpm for 5 min and stored at −20 °C until laboratory analyses were carried out.
Biochemical assays
Serum testosterone was determined using DIAsource ® testosterone enzyme-linked immunosorbent assay (ELISA) kit (DIAsource ImmunoAssays SA, Louvain-laNeuve, Belgium) according to the manufacturer's instructions. Each sample was analyzed in duplicate and absorbance was measured at 450 nm with an ELISA reader (Opsys MR, DYNEX). The range of detection was between 0.083 and 16 ng/ml, with intra and inter-assay coefficients and variation of 4.16 and 9.94 respectively.
Serum FSH and LH were quantified using DIAsource ® FSH and LH ELISA commercial kits respectively (DIAsource ImmunoAssays SA, Louvain-la-Neuve, Belgium). Optical densities of each sample were measured at 450 nm with an ELISA reader. Samples concentration were obtained from the standard calibration curve, constructed by plotting the mean absorbance of each calibrator against its concentration. The limits of detection ranged from 0.86-100 mIU/ml for FSH and 1.27-200 mIU/ml for LH. Intra and inter-assay coefficients of variation were 7.91 and 7.18 for FSH, and 7.62 and 11.02 for LH respectively. 
Statistical analysis
RESULTS
Parasitaemia score, body weight, Packed Cells Volume and scrotal circumference changes during experimental trypanosoma infection
Overall, the mean parasitaemia was significantly (P<0.05) higher in Gudali zebu compared to Namchi taurine (Table 1) . No significant difference (P>0.05) was observed in body weight and PCV level between infected and non-infected animals. However, scrotal circumference was significantly lower (P<0.05) in trypanosoma-infected animals compared to the non-infected animals.
The body weight, PCV and scrotal circumference were significantly lower (P<0.05) in Trypanosome-infected Gudali zebus compared to infected-Namchi taurine. Trypanosomes were detected in the blood on day 14 post infection, and maximum parasitaemia on day 28 post infection in both groups (Figure 1 ) which seem to decrease faster in the Namchi taurine.
PCV values dropped significantly (P<0.05) during the whole infection period in Gudali zebus, and only from day 42 postinfection in Namchi taurine. By day 28 postinfection, 3 of 6 infected-Gudali zebu bulls exhibited clinical signs of the disease, including fever, weakness, rough coat and weight loss, and mean parasitaemia level was 7.8, equivalent to 63x10 6 parasites/ml. A negative correlation (r = -0.66) was observed between parasitaemia and PCV in animals presenting clinical signs. The weight gain recorded in infected animals are shown in Figure 2 . The mean weight gain increased by about 5% in both Gudali zebus and Namchi taurine bulls between day 0 and day 14 postinfection and decreased in all infected animals by about 37% and 11% respectively in Gudali and Namchi bulls by day 28 post-infection.
Marked drop in weight gain in Gudali zebu and significant (P<0.05) increase in weight gain in Namchi taurine bulls were recorded at the end of the study.
The effects of trypanosoma infection on scrotal circumference are shown in Figure  3 . There was a decline in scrotal circumference in all the animals irrespective of their breed from days 14 to 42. From day 42, scrotal circumference continued to decrease in Gudali zebus while it increased in Namchi taurine bulls.
Effects of trypanosoma infection on serum levels of LH, FSH and testosterone
The effect of trypanosoma infection on Luteinizing Hormone (LH), Follicle Stimulating Hormone (FSH) and Testosterone are presented in Table 2 . Overall, the mean LH, FSH and testosterone concentrations were significantly lower (P<0.05) in infected animals compared to the non-infected animals.
No significant difference (P>0.05) for LH and FSH serum levels were found between infected and non-infected Gudali zebus, contrary to serum testosterone levels. Infected Namchi taurine bulls had significantly lowered values (P<0.05) for LH, FSH and testosterone, compared to noninfected Namchi bulls. There were no significant differences (P>0.05) between infected Gudali and Namchi for LH concentration, while differences (P<0.05) appeared between the latter breeds for FSH and testosterone levels.
LH values increased significantly (P<0.05) while FSH and testosterone rates showed no difference (P>0.05) following infection of both Gudali and Namchi bulls.
Significant negative (P<0,01) correlations were registered between serum testosterone level and body weight (r = -0.41) and testosterone level and scrotal circumference (r = -0.49). There were also non significant (P˃0,05) negative correlations between blood testosterone concentration and PCV (r = -0.36), parasitaemia (r = -0.30) and LH serum level (r = -0.11). 
Figure 4:
Serum LH (mIU/ml), FSH (mIU/ml) and testosterone (ng/ml) levels in trypanosoma infected Gudali zebu and Namchi taurine bulls.
DISCUSSION
Trypanosoma parasites were detected in the blood on day 14 post infection. However, parasitaemia has been reported to vary according to host's immune reactions, pathogen's virulence and even diagnostic methods. This could explain differences in parasites surge observed in this study. Blood trypanosomes have been recorded on day 9 after infection with simple and double concentration method, and on day 15 by direct observation technique in Baoule taurine bulls (Boly, 1993) . Also, Trypanosomes were detected on the 8 th day of infection in redfronted gazelles experimentally infected with Trypanosoma brucei (Mbaya et al., 2009) . Adamu et al. (2007) reported that parasitaemia occured as earlier as 5 days post infection in bulls infected with T. vivax and linked the early parasitaemia to immune naïvety of the young bulls. Taylor and Authié (2004) and Mbaya et al. (2009) have reported that parasitaemia rate varied with threshold limits of 10 3 to 10 8 trypanosomes/ml. However, Talabi et al. (2012) found parasitaemia at a lower rate in Nigerian zebus infected with T. congolense. The difference could be with factors such as environmental stressors and single infection with T. congolense and to co-infections of T.
congolense and T. brucei as carried out in our study.
In this study, parasitaemia rate also varied according to breed of the animal. Achukwi and Musongong (2009) found a similar variation in White fulani zebus and Doayo taurine cattle and Talabi et al. (2012) in Red bororo, White fulani and Sokoto goudali.
Boly (1993) reported a maximum trypanosomes concentration two weeks after infection in Baoule taurine bulls, followed by a gradual decreasing phase until the 9 th week post infection, where none of the parasite was detected. Talabi et al. (2012) observed three parasiteamia peaks on 30 th , 33 and 36 th days post infection. However, the higher levels of parasitaemia occured on day 28 post infection in this study and the difference could be associated to environmental conditions, trypanosome strain, single, double or multiple infections among other factors. Additionally, trypanosomes have multiple genes that code for different surface-coat glycoproteins and are not vulnerable to the immune response (Taylor and Authié, 2004) . This could also explain the different peaks observed.
Concurrent parasitic infections, such as Haemonchus contortus, have been implicated in higher parasitaemia level (Mbaya et al., 2009 ) while low parasitaemia suggest the occurrence of the chronic disease.
Reduction in weight gain and drop in PCV reflected the degree of body condition and anaemia observed in this study. These findings agree with earlier results (Batista et al., 2009) .
These results varied according to breed and species of animal in the present study. This is in accordance with findings in zebus in Nigeria (Talabi et al., 2012) and Ethiopia (Abebayehu and Biniam, 2010) , and in West African Dwarf goats in Gambia (Faye et al., 2004) .
The results of this study suggest higher sensitivity of Gudali zebus to trypanosome infection which showed a more severe anaemia, compared to a moderate anaemia in Namchi taurine. Achukwi and Musongong (2009) had described similar findings in trypanosome infected White fulani zebus and Doayo taurine in Northern-Cameroon.
However, Gachohi et al. (2009) did not find any significant difference in PCV rate between infected trypanotolerant and trypanosusceptible cattle, and explained that there was no strong association between parasitaemia and anaemia control in trypanotolerant animals.
In this study, trypanosome infection had a significant depressive effect on scrotal circumference that may cause adverse effects on sperm volume and concentration. In fact significant positive correlations have been reported between sperm volume and concentration and scrotal circumference in bulls (Latif et al., 2009) and in goats (Ugwu, 2009) . Also, scrotal circumference and sperm volume correlation to body weight have been reported (Boucif et al., 2007; Boligon et al., 2011; Ejaz et al., 2011) . The adverse effects of trypanosome infection on body weight and the negative consequences on scrotal circumference and sperm production was due to positive correlation between these parameters.
Although LH and FSH rates were lower in infected animals compared to non-infected control animals in this work, no significant differences were detected. This agrees with the results obtained by Boly (1993) in Baoule taurine bulls for LH blood level. Mutayoba et al. (1995) had reported that T. brucei and T. congolense infections induced inflammatory injuries in the hypophysis, where hormones secretion is regulated. This could explain the lower rates of the pituitary hormones recorded in this study.
This study showed a significant lower serum testosterone levels during trypanosoma infection. This result is comparable to that of Boly (1993) in Baoule taurine bulls. Boly et al. (1991) observed a 56% decrease in blood testosterone at the 6 th week after infection. Other studies carried out in rams infected by T. congolense (Mutayoba et al., 1995) and in camels infected with T. evansi (Al-Qarawi et al., 2004 ) also showed a depression in blood testosterone rate.
Conclusion
The study showed that experimental trypanosoma infection induced negative effects on body condition and on reproductive characteristics such as scrotal circumference and blood testosterone level. This confirmed the fact that decrease in scrotal circumference lead to a drop in blood testosterone concentration. The effect of trypanosome infection on blood LH and FSH levels need to be further clarified. This study supports the trypanosusceptibility of Gudali zebu and the trypanotolerance of Namchi taurine. districts of Bench Maji zone, South
